Health risks posed on consumers due to the use of agricultural products irrigated with reclaimed wastewater were assessed by numerical simulation. The analysis is based on defining of an Exposure Model (EM) which takes into account several parameters: (i) the quality of the applied wastewater, (ii) the irrigation method, (iii) the elapsed times between irrigation, harvest, and product consumption, and; (iv) the consumers' habits. The exposure model is used for numerical simulation of human consumers' risks by running the Monte Carlo simulation method. Although some deviations in the numerical simulation which are probably due to uncertainty (impreciseness in quality of input data) and variability due to diversity among populations reasonable results were accepted. Accordingly, there is a several orders of magnitude difference in the risk of infection between the different exposure scenarios with the same water quality. The variability indicates the need for setting risk-based criteria for wastewater reclamation, including the application method and environmental conditions, rather than single water quality guidelines.
INTRODUCTION
Fast growth, primarily in arid and semi-arid regions, related to the demand for high quality waters along with natural shortage and continuous restrictions in supply are stimulating the search for alternative sources. These additional sources include high quality fresh water obtained from sea-water desalination, run-off water, saline water, and treated wastewater. Treated wastewater, primarily domestic wastewater, can be used for agriculture, industry, recreation and aquifer recharge. Reuse of treated wastewater, mainly for agricultural irrigation, simultaneously promotes solving water scarcity and improved environmental pollution control (Oron et al. 2006; Alves et al. 2007; Hafez et al. 2007; Palacios et al. 2007 ). Microbial quality and dissolved solids content are the most contentious issues linked to wastewater disposal and reuse. That holds primarily for untreated wastewater as stated "the most widespread contamination doi: 10.2166/wst.2010.502 of water is from disease bearing human wastes", (World Bank 1992) . The risks of pathogens diseases caused by bacteria, viruses and other microorganisms, due to secondary effluent application still exist, although at lower levels as compared with raw wastes. It is common that adequate post secondary treatment processes, based primarily on disinfection or membrane UltraFiltration, or application methods minimizing the contact between the effluent and onsurface agrotechnology activities, are essential to avoid problems of waterborne diseases to human beings and allow to maintain safe agriculture production and clean environment. 
RISKS ASSOCIATED WITH EFFLUENT APPLICATION
Health risk assessment is the process through which toxicological or pathogenic (from wastewater) data is combined with information concerning the degree of exposure to external hazardous. Risk analysis is performed in order to quantitatively predict the likelihood that a particular adverse response will arise in a specific human community (Paustenbach 1997) . Quantitative microbial risk assessment has recently been applied to estimate the risk of infection and illness subject to enteric pathogens presence in water and food. Viruses might accumulate on plants due to direct contact (e.g. by sprinkler irrigation) or in the distributed aerosols. Survival time on plants can reach up to 60 days, depending highly on temperature with increased survival at lower temperatures (Pepper et al. 1996) . Content of enteric viruses can reach several thousands in raw wastewater however, during treatment it might decrease to dozens were even several organism are sufficient to cause an infection.
More than a few studies focus on health risk associated with wastewater reuse in agriculture (Asano et al. 1992; Rose et al. 1996; Tanaka et al. 1998; Baggett et al. 2006; Salgot 2008) . Two major risks can be considered: (i) The ones related to microbial pollutants that pose health hazards due to direct contact with low quality effluent and include bacteria, viruses, helminths, nematodes, protozoa, fungi and algal toxins (Salgot et al. 2006) , and; (ii) chemical risks which are subject to concentration levels of main chemicals in the applied effluent and do not comply with effluent reuse standards (Salgot et al. 2006; Toze 2006; Kamizoulis 2008) .
Endocrine Disrupting Chemicals (EDCs) and pharmaceutical active compounds pose additional health risks ( Joss et al. 2005; Toze 2006 ). Limited attention has been focused on exposure assessment and related health risk analysis due to consumption of agricultural products irrigated with reclaimed wastewater. The exposure of consumers to contaminated agriculture products due to treated wastewater irrigation depends on a series of factors such as the quality of the applied wastewater, the irrigation method and the community habits. Previous works deal only roughly with the effect of the irrigation method, which is, in practice, one of the key issues for their exposure estimate (Tanaka et al. 1998; Wagner & Strube 2005) . Other sources estimate an accidental ingestion of 100 mL of irrigation water per year, without specifying whether this concerns consumers or workers (Rose et al. 1996) .
SUBSURFACE DRIP IRRIGATION CHARACTERITSICS
Effluent reuse through SDI systems is a unique concept that refers to the issues of acceptable wastewater dispersal, low quality waters reuse and water conservation. The basic concept is the avoidance of any contact between the applied effluent and all elements and activities above the soil surface that include the workers, agronomical operations and no contact with the crop products. SDI has a series of advantages that include in addition to the above also minimal water losses through the soil surface by evaporation, no runoff, minimal weeds germination, no rottenness of spread-out fruits (e.g. melons), reduced need of herbicides application, elevated yields and the option to cultivate the field even during irrigation. Emitters clogging are commonly prevented by adequate filters with automatic flushing arrangements at the head control units of the fields. The work is limited to comparing conventional ODI and SDI.
Risks to farmers and workers are not in the scope of this work. The risks associated with microbial aerosol dispersion and the related impact on adjacent living communities have been reported elsewhere and are not included in current analysis (Applebaum et al. 1984; Ward et al. 1989) .
THE RISK ASSESSMENT APROACH FOR SAFE EFFLUENT USE General
Risk assessment during effluent reuse for irrigation of agriculture crops consists of two however, combined major 
1998).
The daily probability of infection by ingesting pathogens P d is given by: Consequently, the annual probability P a of infection by ingesting pathogens is given by:
Contaminated agriculture products consumption

Consumption of contaminated fruits and vegetables
In order to be able to compare between the two drip irrigation methods (ODI and SDI) the Effluent Equivalent Volume (EEV) concept was adopted. The EEV approach is implemented for ODI, with a triangular distribution, expressing variability and uncertainty. The triangular distribution is a conservative characterization of a normal distribution and takes into account a high level of uncertainty (Finley et al. 1994) . Accordingly, the EEV has an average pathogen content of 0.16 mL in the applied effluent penetrating into 100 g of plant matter (the minimum is 0.016 mL/100 g and the maximum is 1.6 mL/100 g).
Fruits and vegetables are the major component of the human diet which is affected by irrigation with reclaimed wastewater. The US-EPA (1997) investigated the daily intake of fruits and vegetables per body weight in the United States. The US-EPA analysis is based on a mean common body weight of approximately 71 kg (Finley et al. 1994 ). The fraction of fruits and vegetables that is consumed uncooked, unpeeled, and unwashed can be described by a triangular distribution pattern (average 50%; minimum 25%; maximum 75%). The combination of this data leads to a daily per capita consumption of raw fruits and vegetables that is affected by effluent application.
The risks associated with the application method
Under SDI the risk of crop contamination is reduced by minimizing the direct contact between the above surface parts of the plant and/or the soil surface and the con- internal migration to the upper parts of plants. The limited data regarding SDI revealed that very small amounts or no viruses can penetrate into the plants (Katzenelson & Mills 1984; Oron et al. 1995; Shuval et al. 1997) . In spite of it the EEV concept was as well applied for SDI and a triangular distribution. Under SDI and for a triangular distribution the average EEV was 0.016 mL/100 mL, the minimum was 0.0016 mL/100 g, and the maximum was 0.16 mL/100 g.
Comparisons with conventional ODI irrigation demonstrate that at least 2 orders of magnitude reduction in pathogen levels in soil and crops can be attained under SDI (Campos et al. 1998) .
Pathogens die-off after last effluent application
Under adequate environmental conditions pathogens (mainly viruses) can survive for extended periods of several months (Feachem et al. 1983) . The survival depends on a series of surrounding conditions where their multiplication needs a suitable host. Natural decay processes of viruses depend on moisture, salinity, temperature, pH, and radiation intensity. The fate of pathogens in the environment is usually represented by first-order rate die-off kinetics (Equation (3) (Asano & Sakaji 1990; Shuval et al. 1997; Tanaka et al. 1998 ): modeling layout and data-processing procedure for risk assessment for any kind of pathogenic contamination factor is described in Figure 1 .
Input data for the simulation
The simulation model was run for diverse conditions.
However, major variables were the wastewater treatment level (expressed by log removal of pathogens), irrigation method (DI vs. SDI), elapsed time between last effluent application and fruits/vegetables consumed raw, and the associated risks. Additional complementary input data is given in Table 1 . This data is based on information given in literature and some related assumptions.
RESULTS
Results of the Monte-Carlo simulation
The Exposure Model (EM) was examined for various situations and conditions. A sample result for representative scenarios for different effluent qualities (municipal primary, secondary and advanced treatment) applied through the two considered drip irrigation methods are presented (Figure 2 ). The number of simulation runs using the RiskMaster software (1995) ranged from 2,500 to 50,000.
Additional calculated information is given in Table 2 .
Effluent quality and assessed risks
As indicated in Figure 2 and as expected the risk is decreasing along with the improvement in the treatment level. That holds for both application methods (Figure 2 Max.
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Max. (Figure 2(b) ) where for SDI it is only 10 25 (Figure 2(a) ).
These results prove that the soil layer above the subsurface laterals performs as a safe barrier preventing pathogens transfer from the dripping laterals towards the upper soil surface, thus mitigating the risks of effluent application for irrigation of edible crops.
CONCLUDING REMARKS
The work presents a management model allowing assessing the risk associated with applying treated domestic waste- 
